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Abstract continued
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—- controlled and hence known . The adsorption isotherms t~ave been foundto follow Teinkin behavior. The electrosorption valencey has been
evaluated from the charge and surface excess at constant potential and
found to be —0.149 to —0.59 ,  depending on the potential.~~~~

Various mechanisms for the substantial changes in reflectance
attending the specific adsorption of anions are discussed . The ob-
served effects cannot be explained on the basis of changes in the
charge on the electrode and corresponding changes in the contribution
of the conduction band to the surface optical properties. The prin—
ci pal mechanism is proposed to be modifications in the su—face elec-
tronic states of the metal electrode through direct orbital inter-
actions between the adsorbed anions and the metal.
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Pig. 1 Reflectivity—potential curves of gold in 0.8 M NaP, pH — 9.0
with various Br concentrations indicated in the curves • A —

500 nm, parallel polarization , angle of incidence 45°. Voltage
sweep; 10 mV/a, cathodic direction.

Fig. 2. Reflectivity—charge curves with (~ ) and without (0) Br present
in 0.8 H NaF, pH — 9. Charge obtained by integration of voltain—
metry curves. Charge and reflectivity expressed relative to values
at 0.00 V vs RUE. Optical conditions are the same as for Fig. 1.

Fig. 3. Time dependence of the reflectivity change at 500 run attending
adsorption of Br on gold following a potential step from 0.2 V
59 0.7 V vs RilE at various Br concentrations in 0.8 11 NaF. The
right ordinate is the calculated value of the surface excess of
8r.

Fig. 4. Adsorption isotherms of Br on gold in 0.8 M NaF, p11 9 evaluated
from the curves in Fig. 1.

Fig. 5. Potential dependence of AR/R0 and 1’ for several concentrations of
Br which are indicated on the curves. These curves are obtained
from those in Pig. 1.

Fig. 6. Charge as a function of the surface excess r of Br adsorbed
on gold for various electrode potentials. Data evaluated from
ref lectivity measurements and voltammetry curves. The electro—
sorption valencies and electrode potentials are indicated on the
curves.

Pig. 7. Shift of potential of intersection of the two linear regions of
reflectivity—potential curves in Fig. 1 as a function of Br
concentration. Other conditions the same as for Fig. 1.
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ABSTRACT

rnf ’~~u :-r  r eflcet , nre  chanr c:  have been use(3 to CX f l T ’ if l e  the ~r e c i N c

ndsorpt~ion of brorride on rold in the presence of a larre ey .c~ r~ of n unport—

in r~ elec troJ~’t.e (‘~i~F) ~rh i ch  is not sneci fical ly  adsorbed . f ~ linear rela-

tion has been deronstrated between the reflectance chanres nn d the surface

excess of hroride throurh the exa m innt io n  of the tire dependence of the

reflectr~nce under condit ions  where the rate ~~1 adso rnt ion of t he brer~ de i~

d 4. f~ u~’~ on controlled and hence known. The adsorption i t .hnrn ’~ have been

f’cund to fo1lo~’ Ter4~in behavior . The el(rtrosOrT’tion valencr ’v has been

ev R I ~’t~’4 f rom the chnr r c  and s ur face excer s  at constant ,  pot~ n tj ~il ned C o r n

to l e  —C. )
~

’) to~~O.5~~, dene ndinr on the po ten tia l .

Va r inw ’ eh ani ’~”~’ for the substantial chan c es  in rer lectance nt. t r ~~~n~

the ~~ r’~~. C i C  nch orT t~ on o c anions are discussed.  The obnerve’i pffrrt,n  c nm ,c t

he exrdsjned on the basis of chanres in the charre on the electrode and

ccrr nrnr~in r  c} ,, ’’n in the contr ibut ion of the conduc t i on  band to the

surfac . rrnt i cal  pro ’~p’ t i e r .  “he nrincipa] . ~aecha n isr  in  iwoi-~osed to  ~ e

r ’r ’d~ 1’icationr In the surC’tc -’ electronic states of the r”rtni elec trode t .Lr n ’h

direct cr1 itni in. V’etions between the adsorbed anions ~ind the r’etj l .

* Presented at the 25th I~ l. ~ieeting, Sept. 1974, Bri~ l i to n , Enr land
** Present Ad~rcss: institute of Chemistry , Technolo~y .ind

Metallurgy , Belgrade , YugosLwia.

— 1 —



— 2 —

4 ~~~~~

e nd’;ornt .~(n 0~
’ 

~ Ofl’~ On r ]e Ct r e ( i ~ ’ s ur r ic e  i n at~ 4 i~~~-d  ‘l’’ :~ ~~

c ’ -”  n’ - ’ :  in the eculs r rr~’1cc ~,ivit” (1)  nn’1 ~he ci] i i  :‘r ~~.n i c  ~c r~’ ’ t er ’

( n ) .  “~~en e  c !’~nre~ can I c  used to determine  the ad~ ornt i on  other ~ s nro—

vi dod t~ ’r ~ r°~’l ect~ence ci .2r1 05 can ~‘c shown to 1 o di ‘- r ct l ’ ’  a ~ c’ ~ur ’ o~’ t he

con conl . rn t ion of t” ere io ns in the doif ].e ia~er. In rest pr ior  r : ”l  ~c’t~ - ’

vi  ~~~~ ni i en o “ I or~i c a d no r ’t i o n , i r.ruf f~i ci ent evi( lcItc ( ’ °n r r u”~ i

re lat i on hen been presented.

?‘ i r ~ pur ’~o:-° of the present na~ er is  to present nuch o :II’ricc ~ ‘r I r- ’

ndsorl ’4 t i on on (~old electrodes end to use the re flectance chr r. ’es to e”~ ]~~~te

the relscrrtinn isother i~s. For a su~~ar:’ of prior ntud~ es of io n J c  ndso r ~ —

t i o n  u s i l ir  nnec’ulnr re~’lecto , nce and ellipsometry , the reader is refer red  to

the  r evie~r s of “cTnt ~’re ( 3 )  and Blondeau and Yea~-er ( 1 ) .

r rv(~sc~ T ’T 5 ~

Cors. -~r 1~ r the addit ion  of r~ snc’cif’irn.l),” adsorb~ d Ion to a so luLion

con t n i  r. n~ a n o n — n r ° c i  f ical ly  n d n o rl’ed sunp ortin ~ e]ect . r ol ~~te  wit h t i e  r e—

tential of the ~‘or h i r ~~ electrode held const ant r e lat ive  to an i r . v f t r - r n t .

reference electrode . rhe chanre in  r e f l ec tnr .ce np ’. l e  djv~ der1 ~n~ o thr-r’

cont ri l  ut ions ; I.e .

~ ~~l 
+ + (] . )

where A°1 arises fron the ionic sneci f ic edsorut i  on , A° ,., i s  cauoed l v

chn nres in  the reriairicler of the ionic double l a”cr ar .’l AT ,
3 

frcr’~ the rc—

fractive index cherCi’ of the bulk solution . The fi rst  term in  of i r i n c i —

nal interest since it carries the in~ornotion eoncerninr rnw’eifjc ednere—

ti.on . ‘The lest tcii H i s  very small and con he € •] r i n ;  ed freT- the

r~ nn u r e r e nts 1~ ’ the  optical procedure ~
1.esc r i 1’ocI lat er .  Thi s  then lenve:’

the question of the r e in t ive  Irportanee 0 C the t’~2 term .
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T n ‘:0 : 1 n: ::~ ‘ ‘ , t ho 1~:t:’ ’ nnj n o~ t ~
‘ r h :  : ‘c :: I y :  j i e  r~~d • F ‘I i-- ’-

‘ o U r  :d rifle wi di L ne m d-ic l aveT’  : t r o  ( ‘ ; : ~~~ c 1.~~I i  (~~) ¶ :‘ V’ o n ] ”  :11

•‘~~‘ (‘rt . on tin ~e fl e c U~n ct :  : r id  t 1  w~ 11 1° ar nocnitee wil h t i le  ci na! ’’ : i n

•n’o or the elect c~:’’ d~’ i .e.

— 

~ . 
i, n~~~

1 
= do

’ 
+ (~ + x )  (n )in (2)

i s  the di~’fcr rr t, i rj l ch n n~ c in  the to tel  doul l e layer cl .~~r :o ,

do 4 h r ’  c c r r 4 - ~~ n n , n 1 i T ’  char ’-c oyc l : : ’hy : ’  th e  r .nin ’  ]~‘ia1  I z n] 01’ , fi

5 th °  sa tura t ion  ::u~”aeP concentra t i on of the s re c i  i cr~ ]. “ adnor l  od ion ,

C in I f r” c t i  onn.1 cover ~~”e and i end A are de~’i r d  1’

•,_~~ y Z + A 
+ A e (3 )

ad

v 1 ,”re ~ cnrr r ’np r , n ’is to the electronic charre t r an n f cr r i n ~ across the inter—

foec  “r in s the  r n t ~~l to the adnorl ed species and cennot  1 e d i r e c t l y  d o t e r —

r : ine c l . The d i ff er ent ia l  ch~ rr.e provided throurh thr ’  e x ter n a l  c i r c u i t  d q

1 re] ated to (In th r onc i  the enu at ions :
n

dq ’ dq + XF n d e
( ‘~

— _d
~

’
~ 1

_ 
~~

‘n
~
d0 (5)

The sr~oci fical lv adsorl ’eo i ons in the in~ cr h i m ] c ’lt~: ~‘io~~ con p s i .—

duce the c~ r r l ’~ t.’m 1 riot only 1’~ chr~~Cer: i n the cliar ce on the ret , :il . q but ;

also 1” d i rect  orb i ta l  in te rac t ions  with the electrode su r face .  ~}~e i n ~
t r i r n i c  optical pronerties of the inner ] !elrtholtz lo n er  also err ’ T’ r)dif~rd

nl thn ~~h this contribution to AT?] is usual]’’ smaller than those  h in d c i i  e~ —

T o r t. icular ]v if  t ir e ii 1Tht is pn rn l i rj  polari red on ’l r ,cn r  the poll’ lu r ~ “ - ‘  t o r

nn~ l” ( ‘
~ 5~ ) for th i n  r~ln nc .



l a ’ i s  of’  Lh~ ;.~ ~o~i~~i~~~ ’ , i e n s  , t , he di n d ’ T ’ i ’ r i  r ] .  re ” ] e r l  IS ’’

~~~~~~~~~~~ con i i i :  Cx: :’ : : :  1

= 

~ 
dO + 

~~~
)d1 

dq 
diJ (6)

dl E,O E

~~~~~~~~“ ‘  ‘~ .~ in en . 1 l .an i-eon om i t t ed .  “‘o use r e f lec tr i n c i  c d ’n ~-e:’ I,, e v o l i n ’  ~~~~‘

I’ 
~‘it. no ’, re :  Sn ~., (or; r eou i  rim; tha t .  the r e f l e c tan ce  c! :  s - s  be : T’c , :  nr L  I r i

t o  0. Tr:~ p ’c !  i en  of cc . 6 i n d i c a te s  that  t h i s  recuires  I~
-
~) 

, to In i r —
I, (U

‘~~~lc ’ ’ t n ” and the  second l ’rnc l  etted t e rm to be e i ther  ver’’ :‘“:ii I ens : 5’

tr  the f i r s t  or for the  ci lanfes  in q ’~~, to he d i rec t ly  proportional to the

c !-nnr ’es in 0.

~‘:P:’~ l’ ‘:.:TAL A1I ~~fl[. C ]

The specular r ef lectance of the cold electrod”s has l eer “o1]c;’e~ d u n i f l f ’

l i i ’: r ro sen yoit ,a: ’ e i ,nv  w it h and wi t h o ut Pr in 0. 8 ]!a° as a

I n c  e l e c tr nj ’:t e .  The C i a T I [ ~ O i n  relative re f lec tance  ( A T > / d  ~ nrodiir~ d

I ”  the  :“ i : l I t i ’~fl o f t i e~~-om~ de has t h e n  been calcul ated 4’ror’ t he re  data for

a ~‘iVe f l  p o t c nt i ’ I  II f rom the e x p r e s sio n

- _ _  - C~
0
~ 

(7 )

v~ ere ~ in the ‘tul conrer.iration ol’ the ho ] i d e  ions sn’ i s  r ieesurcd at a

r°r .lti ye pot. ; :t . l n .l whe re h o ]  ~de adsornt ion is e~~:e’  t.~’ l  to li’ n’’~ l ‘‘i i’]. ’.

“ , : ‘  r r o r . o ‘ r:t cancels out AT?
3 

arid also e l im i n a te s  r,n ” error an soc i ’ I t ( ” t

w i t . ’, i 1 ’i : l i c a t i n ( ~ ab solute r e f le c t i vit i e s  from run to run .
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~~~ r 1 ,: i;I~~~r: in Ct ‘ ‘ r ’s ° T ” L f 4 I ’ I H  1’’’ I s  j I ’ f l’ ’  ‘ t  :‘ ~‘ i ’ . ’’ p vt  r : t , I : 1  ‘ n ’,’ ’

‘ ‘s: ‘l ’ ‘‘‘ m l 1 ’’ i ;: ’ ’ ‘nd i f l f  ~hc ‘.‘rll’: r :. I: ’;’ (‘r r-:’ . • 
~
‘ o: i  ro ’~’n t . i v ’ 1, ~ t

S i , ,]5  ~4 ‘5’  :‘ : ‘ i s  a:I: n’: f en ‘ h orr id le n e f ’ ] i F I l  lp to t.le T’ r l .i c (hi:L r

‘ :d~ a] :‘:ii, ::n I ‘ ‘ I t i r - i r t  ~r inns nr(Oef l l . . T’ yj  .T , r . ~~ t , J O t  ¶ J e  rer l ’ ’ c f ”

:‘ r° l i ” rc t l ’  pr o : r : ’ t , i n n n l  ti the r i , ci C I r s i 1 , ~ od r ’ i r ( f  h a l i t e  j r  t ie

a : 1 ; : :  : ‘t i : i ’ c ’ i e e t r c ’ i ” 4  I has l eej i  obtr ] ned 1”  r ( ’ :y : ’ :i r inr  t,ho

5 ,  ~‘ r ’tC p ’  ,- .
~~ t” ’ r n ’ f l ’ ’ct i  “1 ¶ ‘  Cr the t c tr .i  snrf’ e e:•:ces” of i re:’ d’’ F at i

:: ‘. ~~I . “ 1 0  r ’ r r f ’ n i ’c ‘ne ss been d’’t~~rn~ ned ‘t~~~ r t  p T r t’ n 1 °--

t :. t j a l  f l r r r  a \‘r i l u ’  at  wh i c h  speci I’ic adsor ~ t ion  is. n e r ’i i ,” I m  le t,n it vn]iic’

f i l  ~~~~~~ oh s . i i ’ Cj f i c  adsorp t ion occurs l)r :der cond i t ions  ~‘here the adsorpt ion of

h o ]  ide is un der  p i rr ”  diffusion control .  The values of r then have i-eon

c n l r u l s t r ’ l 4’rmn the d~’ff ’ :r ’ : i .on coe~’ficien l ;  end hull: I’r concentrstion ur i c;

c ’ I  ‘rat, ion S

T:;” nnT
~~’ Y r ~~i r I  P] r P l L

‘2 r’ c v i i  r.d r i c o l  o nt i c s .] r l e c t r o c h r c r .iical cell and es:’ociated op t i ca l

s’ t e e ’  ] ‘  . .“ 1 or de s c r ib ed  eis.r’’~ier e (1 ,7 ) .  1.11 rc~ lc’c ’ ‘ ree re’ nur enor :t : :

::°se ma cic ; : i th : . prn l l e l  n o l a n  z et i o n  at an ann e of i n c i d e n c e  of ~:5 ° . The

i at’s.: I;’ of t i r e  r e f l ec ted  li~~Ir t  w a s  censured w i th i  a J a r  smstt.su p 3711

:.~~nt .o:’uI t i n ]  i cr  w i t h  the d.c. n ir nr r l ampi I fi  ccl end measured di rec id ” on op

“— ‘:‘ r r ’r r , r , i c r  d u n n” the l in e a r  po ten t ia l  swe eps  and al;:o fol lowinn  the

r e t”nt i  n l  : ;t , r~h in the exper im ents  d i re c t e d  at estal ’] i n I ’ i n ’  the re la t ion—

sh i n  1 c ’.:’”en p~~/J~ and F . A ‘t~enh in~’ potentiostat .  on’: usr ’d to conti  ol t i n ’

p o ten t  a l : : .

‘yi n” sol ut i ons involved 0 .8 ‘~ lI nT an the nuPportinr c:lectrol’ite’ w i t h

nr a ]  1 n ] l l  I t ions  of 1: i ,h r .  The i 1  nf’ the solut ions was ad .lrmi ,ed to 0 t l l r n u ’ l r
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“““-  ~.l “o l i , ’” ’c~~~ ( ’ ’  ui.t:’a 1 l i T ’ ’  ‘fl t ’  1 n ” o i r ’r ~‘i f r t r l

d l ‘ i l l ’ . 
~~

‘“ ‘ ‘:‘ .

T ”  ‘i t ’ ct . ’ ’i ’i , ’ :’ ‘,. ‘ 5, I ’’, iI ~ ’ ee l - f  ‘] s ’ er ’. c f  ~~~~~~~~~~~~~~ s r i ’ ’ . ‘ ‘i ’ ’

r l p c t  ~
‘ i’’ . ’ ”  o’— l i ‘~ hi 1 “ i r ’ -.’t. ‘ : jt J  ni r o r i ve  p a r e r ’ - r n d  “1 n a ] i ’ ’  ‘ ; i t l ,

r I o’ iT , ’: 1 ~n : : ’ : ’ , n 5 
~~~~~~~ ( s ’ : o r , ’ :‘: s k H c l (  5 1 : ’ . ‘ .5 1,1 ( J ( . ’. ’ T I  t o  2 J ’  ~) .  (~~ t . r

pc’ l is ° i r” , t i n  el’~ ’i so ’os in n .  :,‘- nin ’c:  H t f .  ~~ i’~’i’ : n f  corn s “‘~~~ ‘H

1 s ~~’ ’~’r’ i i r  t .r I r l ’.’ d i n t  I I ~~~ ‘n ’ ’ ” .

h e  co ur : ’. ’’r e l e c t r o d e  c or ; s i n t r ’  o ’~~n h ’’ lro ,~’e r :_ n s t : r ’n t r’ i ’ l l l:ei I l l s

I’ . ’ • “ s U y , ~~ . 1  r ’ar s l  lel  to the :‘crr ir~n i P  o trode  at  a d i n t e r i c e  of c’ ” ,

los. i. sot ,fe the n
~ 
t [cal path . The rc ”e r en ce  e le ct rn - i - ’ ( i- iT: ) ‘ian an i t — i ’ d °

I r” ’I l~’ 1 rr  di n - t . ’r ’ mo~ n Led  o~ t~ c en :1 o~’ a ~‘I ne c l a n s .  t,u r  ‘ ‘ it h  th e

cc a’ • - ‘“ r. “ th e  i n s  1 ‘1 o c i ” t c ’t  tsr: T o o l  j ’f at a dl ::t ~nce of’ 0.5 ys ’ from t 5 e

~~~
, ~~~~~~~ ‘l ’c ’.i ”- ’ : ‘ , ‘.strnL d r’ of ’ the op t i ca l  : - r t h ..

Fl ro , ’r ’r (‘as., an t’ r i d  by p” s.:’.ir :n i i .  over t n ’ s  t c i  cari r c’r t ’ir rj  ins

“ni l t r r~n t f :r u u .°I: p~~. i oc’~l n r  S CVC ’ r (Li r. Js  l i P  and ,‘I 3”) was b u l l I e d  thro:v’L

I I i ’  s r i  ;Y i: I ‘ ‘ “or’ : 4 ‘ c5U r c ,~ cnt5 to rc ’:.ovl,  : i i r ,n c v r : f (1
2 ,‘~~~~] rtt ’-’~~s . n d ’  r e

r.t r’ i ’ ”  rd n’,’e th e  solut ion dur inr  the cer.sur c’’”ent~ . P11 rr: ” ::u:’ ‘“‘‘nt.:’

c ’ r y i  ed o’: ’, .”.t m o n  to~~ncr : tune (( 170 C),

~~~ 
r r ~~~’ T : ~ ’ ’

t o a ’ ~n ’ ’°f° c ’ ( ’ f ’1’o~ ’

Fl “ Ir ’’  I r : c ,~’o: the f f” c ts  of a dd i t i o n s  of var ’’  i n ”  :i ’m r i : , t  s of  l’r on

1. 1”  r’: ”” ’’cl . i ’ .’ it ’’  a1, 515 r~o j r  0 .8 1’ ‘laP wi th  the  so lu t  en . a d j n i n t ’ ’ r  t o

r I  fl . 0. “he’ ’ curv’ n wr ’r e ci t a in c r d 1 “ ~~~ ~ 0 1 1 , 1: 1 : 1  i n . ’ t J : e  I I  t “ni t. ‘ : 1  to
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I C : c’. ’ n r c ’l i i  e ’ ,’’ ’ 1:~’ ’ :i: r f ’ ’ ” d  p f . ’~ I T :  I p ”  it  ~~ ‘‘‘: for a 1
~ r’ t.o nt .s I p : 4 ( 1-

s ‘‘‘ 1 i ‘‘n cmii I h r  I: :’’ . ‘Thi tn’ t,’’ ril In ] ‘a ’: l i i i  n :0 pt , ‘r n t , i :e  cni. ’’cel j e  d i —

r” i -t  i on  a t . Id’ 5 ’’!:: . “:0 :‘e ” r’:’ ’r rc ’: in s, on t i a l  ‘o r II 1n ( ‘n. . 7 ‘‘sn: — 0.0 ‘~1
0

v ’  ‘‘ 1 ’ : , :d,jch 1 :. :‘~~f’ t ’i c  erj t , 1 ’ cn ’.l . n ’ i i ~ t b :s tt  rio a n i o n s  : : bnc i i d 1.’~ : ‘per  I “i-

c” ]  1’’ ado onl e l .

T r lfl ‘ . ‘ i n n  slit of the i’e 5]ec tance vs c} n:r~’c’ q ,  o 1 ’t a Iy r : t f ’ rc:’_t

i s.t on o” t I ’ -’ vo l 1 ‘ :5’  ‘ ‘tn’’ curve ‘‘i tb ann with out i
~r . ‘T’}:~ ’ i an iv ~

~~~ nrr ” ”~, , j f l  s l e :  ~t t c ’ i : f n ’  t h e  spc ’cj  f ic  r u I n  cr : ’t icn of ’ i rcnid di’ and t h e

ii snar l  i” s ri -v  ‘ c’ c ’,’i :i~’rco that  the r e flc c ti ’.’i t’.’ ch a n ” e n .  are r,”on r ir t i  onal

to t i e  n ” o u n t  of rn  c i f icr t ] 1’,’ adr ,onl  iid bromide .  This  niot also i n d i ca t e s

t I ra t  t h e n r e f l~’ ct ,n r .c ’ ’  chann e : :  a t tcnd inn  the sp ecific adsorption are not

l und . a “ ‘o tt er  of t i r e  cJ:sr;’s in the cl:ar’’e or, the  r. °t .al t tr  . A ]t ,h1o u ‘1 tn
p r

i s  no t know n , the c h n r ” e  s , n i nn l i e d  th rou~ h the externai c 1rcuit  t n  d:~r i n ~

the r r o c i ° T c  a i : :n r ’ t . i on of T1r represents an upper l i m i t  “or An since y

i n  cci . h nhriu] 1 he  T’oSi ti ’,’t ’ . Thus the plot s for C ’> / °  vs en with rtn’I %niti:o’~t

Pr p r e sen t  would not rur’sni : - : o:e and , in fact , can only d i f f e r  r:ore .

Ti m ir e  3 in d i c a t e s  the . t i n i c ’  dener ic lence  of t i l e  ref lect i v i ty  fol i cowi or

tb’s  s,4 ° : :’ i r ”  o” t h e  electrode po ten tia l  from 0 .20 V to 0.70 V vs T ’J ~~ ’~ ~I’e

I m ean t” o ° t he t7/~ vs t~~1~ show s that the proccn .s. is  under iii f fur  ion

contra]  . T h i s .  Ii nen’nity also verifies that there is. a d i r ec t  r ’ropOrt ton

between Au/ T i  :n~. a niv en voltar~e and , the total sur face o n c o n s  concent ra t i on

o~ lir ( r ) .  h’i th a I r tr r e excess of en. non—spec ifi ca] ,ly  adsorbed sunnor t .  i n ”

c i r ’ c t . ”i ’ ”t e  (n .7 “ p, :.’), I eo nci s ts  almost en t i re ly  of the specifical ly ad—

so r b e d  o n i o n . “ u r t t ”r , u”inr  the r end equation , it is ponsil’l~ to calculate

tb ’: ‘,‘ ,‘i ] ’ r ’ ’ : :  of r a function of tine and then to determine ( i/ rlO/ ir )F,~ ~~~~~~~~~
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(
~

cI
~
t) F ~ C (flfirt) 1”2 (H)

r — 2 C (Dt/TT )l/2 (9)

I (E~RI 1 ‘ 
, 1/2 / ~and 

~‘r’ 
— -

~~

‘

~~

--‘ 

~~~~~~~~~~ 1 1/2 
(10)

O \  ‘ E ° ‘  ~~ i~

rn .a r :sur ,c’s that 1’ r di f ’fr i s , i on layer nei jacent  to the e ’ eel nod ” d am s ~ nt ,

1 ave rn” nirniuicrcn t direct ontical  e f f ec t  on t h e  re ”.1” c t i v i i , ” — a

r ’.i”’nt i on , nart iculn .riy for i’~ara1le1 polari zat i on at ii5 ° (near the hre” r -i , ,’r

ann e for suc h a layer) .  The r iç~ht hand ordinate in Fir.  3 has bo~’n cal, —
—5 2culateel uslnr a value of P = 2. 00 ~ . 10 ‘ eta /5 (8) ,n eq. . .

Aclsornt ,inn Tsot,herrn s,

rirure I; shows the adr.orrrti.on inotherns for brom ide on f r i  n t  var iou”

rcct,c:ntlitls as obta ined  from the reflecti’,it’,’ nieasur cr e n ts .  Tb s ri m ”nt  blO n d

o rd ina te  ind ica tes  the values of r evaluate-i frost A~/T u”i n; ’ the volu” : of

(l/2 ) (AP /A r )~ calculated with eq. 10 from the data in  F’ir . 3. The l i re ’  r i t .y

of’ the AT / f l 0 or 1’ vs 1o~ CB _  plots indicates that t h e  adsorrt .i on of’ F.r ol ’~ ’,’s

the “e”n’~’in adsorption irothern over a wide ranrc of concentrat i ons en d i ’cot ”n-

t ial s . l’o saturation coverare was foun d even at the most ano’lic potent ia l

involved in then~ experirr.ents. The isotherr s at various 
potentials have

tie no,” slope which rrc’rc.ns that the Tomkin parameter is jndepenilent of

po4. ’nt j al .

The A~ /P~ and I’ vs I’ plots are sho%m in Fir ,. 5 for several l’r co n-

cent rat ions . ‘The l,ir.earitl .’ i s  in ar ,rcer~ent with f”r ’nkin i el’inv ’[ n’or . ~0 h e

(lash r ’r I line corresponds to the r values for 11r adsor”tion on ~u 11’ hail ,

et al. ( a)  ua inr  ellipr ,onetric data.  Vhii e t h e i r  data also m d i  r at ’  “en in
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~~~~~~~~~~ ~~~~ s , ’ , ‘l u’’’’ in: f l ’ l l i j ’  (1~ ~‘f r ’r ’ ’ n: t  . 5 ’h irs I:: no(, r : T t r r , ( ’ i s~~r : ’ ’  s i r ” ’ ’

i ’~5e wen t er r :  ,‘ :‘] rr: l  r~ , . , ,  I t~~~P ‘ ‘nf l ~ ‘‘a l ’n , t  “r f’ 1’ f :’c,r ’ I . ’ ’’ o i l  i c o l  r ro n

1 lie In :l in J:’:n’ in 1 cid r Cr :5 i , i r r j n , ~ t , °’’ ( n d c ’m ’t ,~: of ’ the  a,l::rj nl ’ ’d j o n, ’: r~~~

1. ’ :‘l::’ ”: ’ m ’ ii’ ,i c ’ : ’  1 ‘re: ‘ i’nd CS of’ t I  C J”(’t’j l  s id e  01’ th e  i rj t r r C’ .e~~.

I n c ’ l .  r : ’. ’l’ ’;’. ‘ r n  ‘,‘r~] (‘re’-

~~~~~~~ elect  ~‘e ’ or:’t ion valence Y can I n  cal,cu l.at erj I re ”:  ~~~~~ r yr
r

rio ’.’ i n -  t l ~ ‘:‘ ‘ i e n i S  ‘ C ” S :;‘.r’.n’nri irr 1 - elect n ’o iv t e  ~‘i t . l .  t ,~~e ~~~~~~~~~~~

— — 
~ 

E 
(11)

wi th  the assumpt ion that  F it , a good approximation for  the sur face  con-

cent r at i o n .  Figure 6 presents  plots of q vs F for several voltages. The

values of y range from — 0 . 4 9  for  0.5 V vs RIl E to —0 .59 for  0.7 V vs RHE .

Tak ing into accon,~nt th~ e,qierimental scatter of the data , the clectro sorption

valence does appe ar  to increase with electrode potent ia l .  The values, of

y —0.5  are larger than reported for Br on mercury (10), which s r r ” r , ests

that the interaction of Br with Au is larger and involves a sir,nificant co-

valent bond contribution and not just ionic character.

T:’e F(’mh’n is.otb erri may be expressed in the form

HEr’ = r (F)  + (l/p ) in 
~~r 

(11)

where the func t ion  t m ( L)  i~ r,iven t’:’

= + (~~~, )r~ (12)

acco rci~ n r ’  1’,o b’ ni~v’ t :’. 1o’ r t  nil. (i]), and r is r i ’ l : t t ’ ’ l  tu  t i c ’  m,.r 1 .Ifl I r : l n a—

~~~~ ( ‘I’  1’_ ‘nod H.’ th” so authors 1” f~ = p/  (r  ) i l  n r c ’  (n ~ ) Vo’ r , a t ur a—

ti  on c”~~’ i ’a ,”e . f,r,r:un iflr,, r = to l ’s ii rood al :4, ’oy, ir : :l l .  o r , then

‘.—.~~~- i
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(
~~

nC i~r) ~~~~ ‘Br~~ = (13)

Accc irdinp to S ch u i tz e  and V et t er  (10) , however .

(inC ~~flr 
— ( 14)

‘n’ in t i r e  electrosorption value for measurements car r i ed  out w i t l :  a

] ‘r,’e exce::s e~
’ nm’rport j r eiectrol”t,e. ~‘1’e e~:nen r’entn1 valu e o~

’

(~ loP ’ C p _ / ” d ’) r evaluated at F = 0.6 x 10—? moles/cm 2 from I~ir .  ~i i:;

I f’ nc ’adc ” s/V  an rc ,ar’ared with a valuc of 17 decr t des/V from . eq.  13. 2 ince  y

i~ numerically much less than unity , the potential and concentration de—

i ’ -’niier,t terr’-s in the ex’ncrim(~1tal adsorpt i on isoth erm, seen -i i n  con f l i c t

wi th  the expected behavior tal :irir into account the electrororr ’t ior ,

va1ene:~ .

f let ern~~n a t i o n  of F~ C

Tnhn ’:’,ura et nI  . ( 12) have ::nn 1”m”sted that the in tersec t ion  of the two

linear ro~ ionr ,  in the t,i’~/7 vs 1’ curves ray i n d i cat e  the point of zero

chr r r ’w ” . The’,’ found the addit ion of iodide  to a Taflfl solution to Sht i  ft

th~~s i r , t r,’r :’cction 1:. ’ ~Co n’ .\’/d ecnul c’ and interpreted this~ in tern ’ s ~~1’ t i re

1
~s~~n “ar~’,ov e f fec t . ~‘3nilar  behavior las been 1’ound in the present .  n: t cn : i : ’

u~ an addinr, 11r with TIa,F as the surrnortin~ electrolyte. The niot of’

this potential vs ],or, CB _  in Fir,. 7 indicates linear l ehavi or over

three decades wi th  a slope of 57 mV/decade .

Dil’ficult:.r has been encountered in f indinr ,  li terature values for

for Au under condi t ions  cormarable tothose in the present study . Far Au

~n 1n
_2 

!1 TJa J ’~r + 0.8 11 ~~~ the re f l ec t iv i ty  r’~’anur ,,’ments ind i ca t e  fl
7~
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:1:’ ‘ ‘ s’e’ rr’ i w i t h  a ‘,‘.‘ i l nc n  n ” -fl .1 ’ ‘, ‘ vs ‘‘lu , for :i

S “~‘~~‘ :k ~0fl 5, ‘ - ~~‘ i  - 1  1 ’ ’  e~t ” ’ ci .  ~~~ (13) .  n ’ i , r j h , .r  : t u, i i c ’ ’: o f 1 , hc ’  rn L~--

I ca c ” r e f ’ 1 ‘‘c~ v i  t ”  r ‘ ‘ : r ’ ; i : n ” : ’ ’n t”  1 r ’i t , 1r ~ r’, r’ ar e s , ’ ” ’ n , i i ’c ’ f’er ’: t i ’ i ’

c — r r 1 ’ ’  cons i i ’ ’ r ’ , ’’i f ’ i r l  1’ , i : r r r ~’i s’ n i .

P j “ c c i : ’ : ’  ~~~ i’~ ~ ~
‘ ‘ ‘1’ or ’ I ‘or ~ fI pet. i v i t . ’i (‘ l . an r ~e s f t . t r-fl r r i ” i c r ,  ~ ‘ fl ‘i’ “i r

~~~ 
r”t~ r,n

“hne c ’ :rn i . ’r ’ of r efIect , i~,~ t’,’ produced I ”  an ion  adsor r ’t i on  ‘~~
- ‘ ‘  i y , ’jo ] v ’

c ‘st s~ ’ ‘t ir c ~’ fr e :” var ious  source s :

I . Cha r rr ”n ‘in the cl’~r~ e on the metal a nod hence cbran ~’es in
Sn

the contril ution of’ the conduction band to nur ”o,cp onticol

pronertie: :  as described in the treatrcr,t s  of e.r ’ . ~‘cTntyr e

and A spn( ’s  (114 ,15) and 1’,arricc°n et al. (16).

2 . Charr’’ s  in the su fface  p lasmon cont rit ;u t ions  ( In ) ar i s in f  from

ch a n r e s  in the d ie l e c t r i c  propert ies  of’ the in te r face .

3. For i ret a l s  invo lv inr ,  interbar ,d t rans i t ions , chn n~ es ir. the

electric f i e l d  nenetra t ion into the metal and hence nos—

s i l i c  e lec”t roreflec tance  ef’fccts associated with the l ’en ch in r

of the  top of the valency band over d is tances  into the ret .ai

of t h e  order of the Tliornas—I” erri. screenint’ d:r,tnince (i’T ,ii’i).

1~. ‘fodificrtt i ons in the surface electronic states of the metal

electrode throur, ,h di rect orbital interact ions between the

adsorbed sr ’ecien and metal ; i .e .,  bond formation .  1’~lee trori

t ransi t ions may also occur between these locr ’ili zed surfnc( ’

states and the conduction band an ; nur ,p,ested by Caba n et al.

(17).
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5 . (~ ‘U I ’, ’ ’, fl t .~ ‘ n ( S t  I (‘fl 1 r 501 ‘( r t .  icr . 0 

~
‘ tin ’ nd i n t i  (JI 1 o’’’’r j en’’’’ —

d i ” i , c i ” ’ rd , i ’ e , ’r ’t  t ,o tIre e iec t . i ’od”  s r r r f o r  1 c ’ c ’ : i r r ’ : c ’  of rr ’ :, l r r c c ’ ’-

r~,~nI o~’ n r c ” ”  rd  ve nt n inic ’c~n 1 cc I ’ ’  i no n aol mel j f’i en ’s,. i ann in

the st ru c t u re  c f  t h i  a la”er.

It i s  di f ’t ’ icu lt  to cot :  tUsh which of these mechanism “' r r’ r ,re l o r , i —

ra n t ~n tb:c i’r , ’rn n:t. r p f l c ’r I , p, n c e — i o n - i c adnorot ion  stp d i r’r .  0n t h e  m a r l ” ,

0 1’ t~ r’ ft ecln”rc n en~ cu.lat ion ( 5 ) ,  r ’r cb rr n i  sr 5 ar pears u n l i h e i w  in  v~ e~’ of

V “ c- ’ys ‘r~ n ’:”r: t’ I r r ”s,di t,i our (n— po la r i  act  ion , )~ 50 an n e  of i n c i d ~’n c ” )  no d

th e  larre rar ’n :’tud ” '  o” the effect. ‘~echnni:’n 1 alone does riot appear

canal le ot’ exnl n ,inin~ the oi’servations discussed ear l i e r  in c o nj u n c t i o n

w i t h  l”i 
~~~

. 7. fl’~~r ij ”n”e c l ra r e c s  induced by rp ec if icr ’,lI ’.’ aclsou’l ed io ns

h~owevpr , need to he talnen into r c c n n i n t , as ro int ed  out l v  ‘~c T r ~t ”r ”  :rnd

Pcc lc (‘1 ’) ) ,  rin d ‘r i~~’ t lead to enhanc’ ‘sent of’ the ci ’irr,e modul at ion  re ’-lr ’c-

t . iv i t ”  coe 1’ffl~c i c r t  ( i/n  ) ( ‘ m ’ /~m a ) .
0 St

fl’I:e au thor : .  fr~vor med ian s’s 14 as pre dominant  hut the evidence is

w”ik . here in :  l i t t l e  au c ot i on  that  the b ond ine  of the “r to the surface

~,a: ; oc r’s’ covnl~ nt charac ter .  ~Iuch orbita l interactions should produce re—

lativ~”l:: larr’e d a r er’s in the optical  constants of the surface.  The even

~~c)rc’ r rr ,nnun ced r ~‘lec t iv i ty  chanr,es produced by T adsorption on tu (70)

r rov id ’  evidence that localized orb i tal interactions are important .

The dependence of the reflectance char.’,cs on type of adsorbed ion ,

vavelenf’th and metal will helm to resolve the nuest ior .  of mechan i sm.

~;or’,e da t a of this kind are already available but more is needed . In the

mennt lme , i t is very imnr ’r t ant  that  elc’ctrc,chemlstri usinr, reficctn~nce

and e l l i p sot ie t r ic  m e t l o l ’ ;  to evaluate the adsorption i sothermr and ki n—

ct lcn ;  der ran: ’trnte a l inear  r e l at ion  between these optical  quant i t i en :  and

the ext er iL of adsorption. Whi le l inear i ty  ~‘as foun d in  the present study ,

t h i s  Is not necessarily true in ~‘~cnr ~rrt 1.
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